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1  | INTRODUC TION
Population‐based data are fundamental to understanding the dis‐
tribution and determinants of disease in populations, and their 
application to prevention programs. The most important trends in 
the epidemiology of periodontitis in the last decade have centered 
around improvements in population survey methodologies and sta‐
tistical modeling of periodontitis for US adult populations, includ‐
ing the suggestion of a new classification of periodontitis cases for 
surveillance. Most of these advancements have occurred as the di‐
rect result of work by the joint initiative known as the Periodontal 
Disease Surveillance Project by the Centers for Disease Control 
and Prevention and the American Academy of Periodontology. 
Information and findings accruing from these recent advancements 
have collectively and directly manifested themselves in important 
results, such as important revisions of our knowledge of the epide‐
miology of periodontitis in US adults.
Periodontitis is an important public health problem in the USA. 
This is illustrated by the US Department of Health and Human 
Services designating oral health as one of 42 health topic areas 
identified in Healthy People 2020.1 Of the 33 objectives within oral 
health in the future is the goal “OH‐5. Reduce the proportion of 
adults aged 45‐74 years with moderate or severe periodontitis” set 
forth by the US Department of Health and Human Services in the 
2010 report called Healthy People 2020.2 Notably, the goal was first 
set in 2010, but its numeric value for reduction of the prevalence 
of moderate or severe periodontitis in adults aged 45‐74 years was 
later revised and operationalized on the basis of analyses of data 
from the 2009‐2010 National Health and Nutrition Examination 
Surveys collected in accord with the new full‐mouth periodontal ex‐
amination protocol. Applying the novel Centers for Disease Control 
and Prevention and the American Academy of Periodontology 
periodontitis case definitions, the goal is currently a reduction in 
periodontal diseases from 47.5% to 40.8%.2
Assessing the progress towards this goal requires ongoing na‐
tional disease surveillance and health promotion activities that 
include monitoring periodontitis prevalence. Federally funded 
national surveys, such as the National Health and Nutrition 
Examination Surveys, have been the only source of nationally rep‐
resentative data on periodontal diseases. Over the years, these 
surveys have undergone considerable modification to improve the 
validity of information resulting from them, while still keeping the 
cost of data collection as low as possible. The earliest of these sur‐
veys, namely the 1960‐1962 Health Examination Survey and the 
1971‐1974 National Health and Nutrition Examination Survey, as‐
sessed periodontal status by visual inspection only. By contrast, 
subsequent surveys, namely, the 1985‐1986 National Survey of 
Employed Adults and Seniors instituted by the National Institute of 
Dental and Craniofacial Research, the 1988‐1994 National Health 
and Nutrition Examination Survey III, and the 1999‐2004 National 
Health and Nutrition Examination Survey, used periodontal prob‐
ing measurements to assess periodontal probing depth and gingi‐
val recession around teeth. These assessments followed various 
partial‐mouth periodontal examination protocols,3‐6 ranging from 
collecting measurements from two randomly selected quadrants of 
the mouth assessing periodontal probing depth and clinical attach‐
ment loss at two sites per tooth (mesio‐buccal and mid‐buccal sites) 
in the National Health and Nutrition Examination Survey III and 
the National Health and Nutrition Examination Survey 1999‐2000, 
to assessing three sites (mesio‐buccal, mid‐buccal, and disto‐buc‐
cal sites) in the National Health and Nutrition Examination Survey 
2001‐2004. However, these partial‐mouth periodontal examination 
protocols harbor inherent errors because periodontitis is a site‐spe‐
cific disease and therefore is not evenly distributed in the mouth. 
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Thus, prevalence estimates from surveys using partial‐mouth peri‐
odontal examination protocols underestimate disease in the popula‐
tion; and this underestimation can be significant in National Health 
and Nutrition Examination Surveys.6 Periodontal examinations in 
National Health and Nutrition Examination Surveys ceased after the 
2003‐2004 data collection cycle.
Following work by the Centers for Disease Control and Prevention 
and the American Academy of Periodontology Periodontal Disease 
Surveillance Project, National Health and Nutrition Examination 
Survey surveillance of periodontal disease was reinstated in 2009. 
The 2009‐2014 survey protocol was based on evidence from pilot 
studies that demonstrated the feasibility of using a full‐mouth peri‐
odontal examination protocol for surveillance of periodontitis in 
National Health and Nutrition Examination Surveys. Thus, the 2‐
year National Health and Nutrition Examination Survey 2009‐2010 
survey cycle, later expanded to the National Health and Nutrition 
Examination Survey 2011‐2012 and the National Health and 
Nutrition Examination Survey 2013‐2014 survey cycles, consisted 
of the first national probability sample surveys to use the full‐mouth 
periodontal examination protocol, collecting periodontal probing 
measurements from six sites per tooth for all teeth (except third mo‐
lars) in US adults. Using this gold standard protocol of periodontal 
measurements from six sites per tooth for all nonthird molar teeth 
to identify periodontitis cases vastly improved the validity of es‐
timates for periodontitis harvested from US national surveys. The 
National Health and Nutrition Examination Survey protocols for the 
2009‐2010, 2011‐2012, and 2013‐2014 cycles dictated that dentate 
participants aged 30‐79 years would be eligible for the periodontal 
examination. This age interval was determined to ensure cost‐ef‐
fectiveness of the resource allocation within National Health and 
Nutrition Examination Surveys. The lower age limit of 30 years was 
determined to include only participants most likely to suffer from 
periodontitis, as people younger than 30 years are less likely to have 
periodontitis. Only a few participants aged 80 years or older were 
expected to be dentate, so their inclusion would risk producing data 
which would not represent this older population group nationally. 
Consequently, when an expression representing the concept of 
30 years or older is used in this review, it refers to the age group of 
30‐79 years.
Any figures and results reported by numbers described in the 
text that are not designated as derived from any previous publication 
have been generated specifically for this review based on data from 
the National Health and Nutrition Examination Surveys 2009‐2014.
Data obtained from these three 2‐year survey cycles in combina‐
tion with other codetermined data of sociodemographic, behavioral, 
and co‐occurring morbidities provide unprecedented and unique 
data to re‐examine the epidemiologic characteristics of periodontitis 
in US adult populations and their relationships with several comorbid 
conditions. The trust in the accuracy of the data is further supported 
by thorough examiner training and calibration of clinical examiners 
against the gold standard examiner, and the subsequent quality as‐
surance emanating from these procedures.7 Importantly, for the first 
time in National Health and Nutrition Examination Survey history, 
sufficient numbers of non‐Hispanic Asians were sampled in the 
2011‐2012 cycle to provide reliable estimates of their periodontitis 
prevalence, which further heightens the accuracy of the estimates of 
periodontitis prevalence.8
2  | DE VELOPMENT OF STANDARD C A SE 
DEFINITIONS FOR THE SURVEILL ANCE OF 
PERIODONTITIS
The historical lack of a standard case definition for surveillance of 
periodontitis that prevented any meaningful comparisons of find‐
ings from different research groups was addressed as a comple‐
mentary, but pivotal, issue to the survey issue. This void has been a 
major obstacle in determining, comparing, and pooling estimates for 
the prevalence of periodontitis from different studies in different 
populations and countries, as well as between the same populations 
over time, and comparing changes in periodontitis prevalence over 
time with changes in other populations. In response to the need for 
a global standard case definition for surveillance of periodontitis, 
the Centers for Disease Control and Prevention and the American 
Academy of Periodontology initiative undertook extensive studies 
and consultations with experts to arrive at case definitions for none/
mild, moderate, and severe periodontitis for use in surveillance.9 
Further, separate categories for no and mild periodontitis were pro‐
posed in 2012.10
Applying these stringent periodontitis case definitions en‐
sures that cases identified by the definitions indeed do have 
disease. To minimize the potentially erroneous effect of gingi‐
val recession, which may not be a consequence of disease but 
rather of vigorous toothbrushing, on the accuracy of the prob‐
ing depth measurements, both clinical attachment loss and peri‐
odontal probing depth are used in this classification. Although 
clinical attachment loss is considered a more accurate measure 
for periodontitis than periodontal probing depth, and clinical 
attachment loss is accepted as the gold standard for disease 
severity and progression, use of clinical attachment loss alone 
could mistakenly include some periodontally healthy sites be‐
cause attachment loss can accompany noninflammatory gingival 
recession. In addition, these definitions were based on moder‐
ate agreement in the literature that clinical attachment loss of 
≥6	mm	is	a	reasonable	cutoff	point	to	differentiate	severe	from	
moderate periodontitis; the latter term is usually applied to a 
clinical attachment loss of 4‐5 mm or less. Moderate periodon‐
titis could mean periodontitis in which pocketing and attach‐
ment loss are not yet sufficiently severe to threaten the loss 
of teeth. Hence, this case definition requires at least two sites 
with	periodontal	probing	depth	≥5	mm	in	addition	to	clinical	at‐
tachment level, in part to exclude cases that have been treated 
successfully but still have attachment loss, or have attachment 
loss not resulting from periodontitis. Moreover, measurements 
from interproximal sites are used in contrast to mid‐buccal and 
mid‐lingual sites because the disease usually begins at and is 
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most severe at interproximal sites. Importantly, these case defi‐
nitions are intended for use in field surveys and not for clinical 
practice. The Centers for Disease Control and Prevention and 
the American Academy of Periodontology case definitions are 
operationalized in Table 1.
A recent study has validated these case definitions relative to 
clinical observations and report strong correlations between the 
periodontal inflamed surface area and case status based on this 
classification.18
GINGIVITIS
Gingivitis is nearly ubiquitous with up to 90% in any affected popu‐
lation worldwide.19 The 2017 World Workshop proposed case defi‐
nitions for gingival health and for gingivitis for use in surveillance.20 
Nonetheless, because no assessments of gingival health, such as 
bleeding on probing, coloring, or swelling, were included in the 
protocol for 2009‐2014 National Health and Nutrition Examination 
Surveys to examine for gingivitis, no further description will be 
provided regarding the prevalence of this reversible disease that only 
progresses to periodontitis in especially susceptible individuals.21,22
Application of the Centers for Disease 
Control and Prevention and the American Academy of 
Periodontology periodontitis case definitions as 
global standards
The Centers for Disease Control and Prevention and the American 
Academy of Periodontology case definitions are gradually being 
adopted globally as the standard for reporting the prevalence of per‐
iodontitis, and have been used in a multitude of studies around the 
world. Of great importance is that the Centers for Disease Control 
and Prevention and the American Academy of Periodontology peri‐
odontitis case definitions are among those that should be applied 
when reporting the prevalence of periodontitis, as per a consen‐
sus report by experts in Europe and the USA outlining standard 
reporting of periodontitis prevalence in the future in their docu‐


















Moderate Among those who did not meet the severe 
periodontitis case definition:
≥2	interproximal	sites	with	≥4	mm	clinical	at‐





Mild Among those who met neither the severe nor 









None Meets neither the severe nor moderate nor 
mild periodontitis case definitions
None None
aTotal periodontitis was defined as severe or moderate periodontitis in the 2010 report on ac‐
curacy of estimates based on earlier National Health and Nutrition Examination Survey proto‐
cols6 because the Centers for Disease Control and Prevention and the American Academy of 
Periodontology periodontitis case definitions consisted of only the categories of severe, moder‐
ate, and mild/none at the time.9 The mild category was separated out from the original mild/none 
periodontitis category in 2012.10 Total periodontitis*(= “any” periodontitis): severe or moderate 
or mild periodontitis.8,11‐17 Nonsevere periodontitis (= “other” periodontitis): moderate or mild 
periodontitis.17
TA B L E  1   Centers for Disease 
Control and Prevention and the 
American Academy of Periodontology 
periodontitis case definitions for use in 
surveillance  and subsequent categories 
used in reporting by the Centers for 
Disease Control and Prevention and the 
American Academy of Periodontology 
Project
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3  | RE VISED ESTIMATES OF 
PERIODONTITIS PRE VALENCE IN US 
ADULTS
Applying the Centers for Disease Control and Prevention and the 
American Academy of Periodontology case definition for periodon‐
titis to the pooled data obtained during the 6 years that National 
Health and Nutrition Examination Surveys followed the protocol 
prescribing periodontal probing at six sites around all nonthird molar 
teeth, namely the period 2009‐2014, resulted in significant revi‐
sions of the estimates of prevalence of periodontitis in US adults. 
Complete clinical periodontal examinations, sociodemographic, 
health behavior, and comorbidity data were available for 10,683 
participants, constituting a nationally representative sample repre‐
senting a weighted population of ~ 143.8 million civilian noninstitu‐
tionalized dentate US adults aged 30 years or older.
This ensures that analyses of these data will result in the most 
accurate estimates of the prevalence of periodontitis and its associ‐
ated risk factors currently in existence in the world. Hence, findings 
from our analyses of these data function as a benchmark for surveys 
conducted in the rest of the world. Our reporting of the prevalence 
of periodontitis using both the Centers for Disease Control and 
Prevention and the American Academy of Periodontology case defi‐
nitions, as well as various thresholds of periodontal probing depth 
and clinical attachment loss and units of population, teeth, and sites, 
further enhances the utility of the results, in addition to making the 
data publicly available.
3.1 | Total (any) periodontitis
Notably, the prevalence of periodontitis in dentate US adults aged 
30‐79 years was significantly higher than previously reported. 
Overall, 42.2% (standard error ± 1.4) of US dentate adults aged 
≥30	 years	 had	 some	 category	 of	 periodontitis,	 consisting	 of	 7.8%	
with severe periodontitis and 34.4% with nonsevere periodontitis 
(ie, moderate and mild periodontitis combined) (Figure 1).
Furthermore, the prevalence of periodontitis by severity and by 
age group, and by smoking status, respectively, is shown in Figures 2 
and 3.
The prevalence of periodontitis among the oldest age group, 
65‐79 years, is described in more detail in a separate report based 
on analyses of data from the 2009‐2010 and 2011‐2012 National 
Health and Nutrition Examination Survey cycles.16
3.2 | Periodontal probing depth
At the probing site level, the mean periodontal probing depth was 
1.5 mm. About 37.5% of adults had >1 site with a periodontal prob‐
ing depth >4 mm, affecting on average 3.3% of sites and 9.1% of 
teeth per person.17 Overall, the mean proportion of sites with per‐
iodontal probing depth >4 mm was 3.3%. At the tooth level, 29.3% 
had a periodontal probing depth of >4 mm in >5% of their teeth, 
whereas 10.5% had >30% of their teeth affected by a periodontal 
probing depth >4 mm. The overall mean proportion of teeth with 
a periodontal probing depth of >4 mm was 9.1%. However, almost 
half	of	older	adults	(ie,	those	aged	≥65	years)	had	at	least	one	site	
with	a	periodontal	probing	depth	of	≥4	mm.	An	estimated	15.0%	
of adults had a periodontal probing depth of >4 mm at >5% of all 
sites and 2.7% at >30% of all sites.17
3.3 | Clinical attachment loss
The overall US population mean clinical attachment loss was 
1.7 mm.17 About 89% had >1 site with clinical attachment loss of 
>3 mm with an average of 19.0% of sites per person and an average 
of 37.1% of teeth per person affected.
Overall, an estimated 58.3% had >3 mm clinical attachment loss 
in >5% of sites; and the mean proportion of sites with >3 mm clinical 
attachment loss was 19.0%. At the tooth level, 80.8% of adults had a 
clinical attachment loss of >3 mm in >5% of their teeth, while 47.3% had 
F I G U R E  1   Prevalence of total, severe, and nonsevere 
periodontitis in dentate adults aged 30‐79 years: National Health 
and Nutrition Examination Survey, 2009‐2014 (N = 10,683). 
Total (any) periodontitis: severe, moderate, or mild periodontitis; 










Total periodontitis          Severe periodontitis      Nonsevere periodontitis
F I G U R E  2   Prevalence of total, severe, and nonsevere 
periodontitis by age group in dentate adults aged 30‐79 years: 
National Health and Nutrition Examination Survey, 2009‐2014 
(N = 10,683). Total (any) periodontitis: severe, moderate, or 
mild periodontitis; nonsevere periodontitis: moderate or mild 
periodontitis
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>30% of their teeth affected by a clinical attachment loss of >3 mm. 
The mean proportion of teeth with >3 mm clinical attachment loss was 
37.1%.	Among	older	adults	(ie,	those	aged	≥65	years),	almost	two‐thirds	
(62.3%)	had	at	least	one	site	with	a	≥5	mm	clinical	attachment	level.17
4  | TRENDS IN PERIODONTITIS 
PRE VALENCE IN US ADULTS
Because the former nationally representative surveys all used par‐
tial‐mouth periodontal examinations and thereby potentially missed a 
significant proportion of the disease, possibly misclassifying more than 
half of participants,6 any difference in the prevalence calculated is more 
likely to be a consequence of applying different examination protocols 
than reflecting any actual change in the prevalence of periodontitis. 
Hence, it is not possible to know whether periodontitis prevalence is 
increasing or decreasing in the USA. However, because people live 
longer and keep their teeth for longer as they grow older, and because 
periodontitis is defined as a chronic disease that accumulates in an in‐
dividual during their lifetime, it is reasonable to speculate that there are 
increasing numbers of people and teeth with periodontitis.
5  | RISK INDIC ATORS FOR 
PERIODONTITIS
Similarly, using data from the 2009‐2014 National Health and 
Nutrition Examination Surveys, we reassessed risk indicators for 
periodontitis after controlling for sociodemographic, behavioral, 
and comorbid conditions using multivariable logistic regression 
modeling. Figure 4 illustrates the risk ratios for having severe 
periodontitis.
Consistent with what was hitherto known, the likelihood of hav‐
ing total (any) or nonsevere periodontitis increased steadily with 
increasing age. However, this was not the case for the prevalence 
of severe periodontitis, which did not increase with age (Figure 4). 
As an aside, since the prevalence of mild periodontitis also did not 
consistently increase with age (not shown),17 the increase in peri‐
odontitis prevalence by age is primarily driven by the moderate 
disease.17 The likelihood of having periodontitis was two times 
greater among males compared with females, with the highest 
probability observed for severe periodontitis (adjusted prevalence 
ratio aPR = 2.68; 2.22‐3.23) (Figure 4). Periodontitis was most 
likely present among Hispanics (aPR = 1.38; 1.26‐1.52) and non‐
Hispanic blacks (aPR = 1.35; 1.22‐1.50); and severe periodontitis 
was most likely among non‐Hispanic blacks (aPR = 1.82; 1.44‐2.31) 
compared with non‐Hispanic whites (Figure 4). Adults who have 
less than a high school education were more likely to have peri‐
odontitis, with the greatest probability observed for severe peri‐
odontitis (aPR = 1.63, 1.26‐2.12) (Figure 4); but the probability was 
also sizeable for nonsevere periodontitis (aPR = 1.29, 1.15‐1.45) 
compared with those with more than a high school education. The 
highest probability for severe periodontitis was observed among 
adults with income levels at 100%‐199% of the federal poverty 
level (aPR = 1.82, 1.22‐2.71) (Figure 4), while the highest proba‐
bility for nonsevere periodontitis was observed among the poor‐
est at <100% of the federal poverty level (aPR = 1.44, 1.26‐1.56). 
Overall, there was a steady increase in the likelihood of periodon‐
titis with increasing poverty (ie, decreasing federal poverty level) 
(not shown). Periodontitis was significantly more likely among 
current and former smokers compared with nonsmokers. The 
F I G U R E  3   Prevalence of total, severe, and nonsevere 
periodontitis by smoking status in dentate adults aged 30‐79 years: 
National Health and Nutrition Examination Survey, 2009‐2014 
(N = 10,683). Total (any) periodontitis: severe, moderate, or 
mild periodontitis; nonsevere periodontitis: moderate or mild 
periodontitis
F I G U R E  4   Relative risk for severe periodontitis in dentate 
adults aged 30‐79 years by age group, sex, race/ethnicity, cigarette 
smoking habits, diabetes status, and obesity status: National Health 
and Nutrition Examination Survey, 2009‐2014 (N = 10,683). The 
following groups were used for comparison, that is, they were 
assigned the relative risk value of 1: age 30‐44 years (age group), 
female (sex), non‐Hispanic white (race/ethnicity), never smoker 
(cigarette smoking habits), no diabetes/normoglycemic (diabetes 
status), and normal weight
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likelihood for periodontitis was highest among current smokers 
(aPR = 1.54, 1.45‐1.65), and smoking was strongly associated with 
the severe form of periodontitis (aPR = 2.46, 1.87‐3.24) (Figure 4). 
Among people with diabetes, periodontitis was more likely only in 
those with uncontrolled diabetes, specifically pertaining to severe 
periodontitis (aPR = 1.42, 1.02‐1.98) (Figure 4). Periodontitis was 
not significantly associated with obesity status. Of note, severe 
periodontitis was neither associated with overweight nor obe‐
sity (Figure 4). Finally, the likelihood of severe periodontitis was 
greatest in adults aged <65 years, in males, in non‐Hispanic blacks, 
and in current cigarette smokers when compared with non‐severe 
periodontitis.
When stratified by sex, severe periodontitis was more likely 
among females aged 65 years and older. Periodontitis was equally 
likely in female former smokers and nonsmokers. In females, peri‐
odontitis and non‐severe periodontitis were not significantly as‐
sociated with diabetes status. By contrast, all levels of severity of 
periodontitis were more likely among males with uncontrolled dia‐
betes when compared with males without diabetes. Finally, when 
compared with people with non‐severe periodontitis, the likelihood 
of severe periodontitis was significantly greater in males of all age 
groups and education status, and for non‐Hispanic blacks and cur‐
rent smokers, regardless of sex.
Further analyses of periodontitis and diabetes also suggest that 
the duration of diabetes did not significantly correlate with the 
likelihood of periodontitis after adjusting for all covariates (Wald F 
test, P > 0.05). Similarly, no trend was observed between periodon‐
titis and fasting glucose level among people with diabetes (Wald F 
test, P > 0.05). In females without diabetes, total periodontitis and 
non‐severe periodontitis (but not severe periodontitis) significantly 
increased with increasing fasting glucose level (P < 0.05). In males 
without diabetes, no trend was observed for any level of sever‐
ity of periodontitis and increasing fasting glucose level (P > 0.05). 
Periodontitis was significantly associated with increasing levels of 
glycated hemoglobin in both males and females without diabetes 
(P < 0.05). Among people with diabetes, only severe periodontitis 
was significantly correlated with increasing levels of glycated hemo‐
globin in males.
6  | ESTIMATING PERIODONTITIS AT 
STATE AND LOC AL LE VEL S
Until recently, population estimates of periodontitis were virtually 
nonexistent at state and local levels, even though most public health 
interventions are administrated at state and local populations. This 
is attributable to the lack of resources within existing state‐based 
oral health surveillance systems to support clinically assessed peri‐
odontal measurements. Thus, for now, population‐based surveil‐
lance at state and local levels will require the development of less 
resource‐demanding measures that can be integrated into existing 
surveillance systems. Alternatively, multilevel statistical modeling 
can generate estimates of the burden of periodontitis at state and 
local levels.
6.1 | Direct estimation of periodontitis at state and 
local levels
Currently, there are several ongoing interview‐based surveys at na‐
tional, state, and local levels that can be explored for surveillance 
of periodontitis. In the USA, measures derived from responses to 
self‐report questions incorporated into state interview surveys (eg, 
the state‐based Behavioral Risk Factor Surveillance System) have 
been successful in generating actionable public health data for sev‐
eral chronic diseases and risk factors at state and local levels.24,25 
Thus, since 2006, the Centers for Disease Control and Prevention 
and the American Academy of Periodontology Periodontal Disease 
Surveillance Project has been investigating the potential use of 
self‐report measures for estimating the prevalence of periodontitis 
in adult populations. Among ways to identify appropriate, relevant, 
and validated questionnaire items for potential use for self‐report 
was the conduction of a systematic review of studies that sought to 
validate self‐reported measures for periodontal disease.26 Another 
avenue was to examine items used in prior work by members of 
the Centers for Disease Control and Prevention and the American 
Academy of Periodontology initiative workgroup who had con‐
ducted epidemiologic studies encompassing both self‐reported and 
clinically assessed periodontitis, hence allowing assessment of the 
validity of the items as proxies for actual clinically assessed peri‐
odontal disease.27‐29
The Centers for Disease Control and Prevention and the 
American Academy of Periodontology initiative identified eight self‐
report measures that are promising for use in estimating the prev‐
alence of periodontitis in adult populations as their responses are 
correlated with clinical measures of periodontitis.11 The questions in 
English are displayed in Table 2, whereas the Spanish version may be 
found in the 2009 report.11
Using multivariable prediction models, the performance of 
these self‐report measures was evaluated in the Australian National 
Adult Oral Health Survey30 and in a convenience sample of adults in 
Brazil.31 Importantly, the items were cognitively tested, and a pilot 
field was tested in one National Health and Nutrition Examination 
Survey stand before being incorporated in the full National Health 
and Nutrition Examination Survey.11
In these preliminary assessments, response rates to all self‐re‐
port questions in at‐home interviews were high, namely >95%. All 
self‐reported measures were independently associated with peri‐
odontitis, except for the use of mouthwash. Self‐reported questions 
had no significant correlations with one another, with the exception 
of the use of mouthwash and evidence of bone loss.11 In multivari‐
able modeling, the combined effects of demographic measures and 
measures from five self‐report questions in detecting unweighted 
total periodontitis performed at a sensitivity of 84%, specificity of 
60%, and receiver operating characteristic of 0.81. Three questions 
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performed at a sensitivity of 95%, specificity of 28%, and receiver 
operating characteristic of 0.82 in predicting clinical attachment loss 
of	≥3	mm.	In	validation	tests,	the	two	models	performed	at	predic‐
tion accuracies of 70% and 89%, respectively.
These results confirm that self‐report measures can perform well 
in predicting prevalence for periodontitis in the US adult population. 
Notably, our preliminary findings suggest the performance of these 
questions may exceed the accuracy of estimates from partial‐mouth 
examination protocols commonly used in surveillance of periodonti‐
tis, especially for severe periodontitis.6
In 2009, the Centers for Disease Control and Prevention and the 
American Academy of Periodontology initiative began inclusion of 
these self‐report questions in the at‐home interview questionnaire 
for the National Health and Nutrition Examination Survey. The data 
from the 2009‐2014 cycles will be used to test and validate the per‐
formance of these self‐report questions against clinically determined 
periodontitis. The full‐mouth examination protocol used in National 
Health and Nutrition Examination Surveys provides clinical data that 
will minimize misclassification of periodontitis cases for this valida‐
tion study. Analyses of the data are underway to generate the model 
coefficients for use in estimating periodontitis in populations based 
on responses to self‐report questions. The self‐report questions 
are still incorporated in National Health and Nutrition Examination 
Surveys and will be used for future monitoring of the prevalence of 
periodontitis and for assessing trends over time. For the first time 
this will allow trends to be calculated with the assurance of agree‐
ment with clinically assessed periodontitis during 2009‐2014 once 
validated.
6.2 | Model estimation of periodontitis prevalence 
at state and local levels
With the availability of comprehensive National Health and 
Nutrition Examination Survey data and the concurrent availability 
of local and state data sets, such as those from the US Census and 
the Behavioral Risk Factor Surveillance system, it is now possible 
to estimate periodontitis prevalence at state and local levels. In a 
recent study, multilevel regression and poststratification analyses 
were used to estimate the prevalence of periodontitis among adults 
aged 30‐79 years at state, county, congressional district, and census 
tract levels.15 This modeling approach used age, race, sex, smoking, 
and poverty variables to estimate the prevalence of periodontitis 
as defined by the Centers for Disease Control and Prevention and 
the American Academy of Periodontology case definitions at the 
census tract levels, which subsequently were aggregated to larger 
administrative and geographic areas of interest. This report was 
the first time any estimation of the prevalence of periodontitis at 
state and local levels based on nationally representative data was 
performed in the USA and represents an important adjunct to public 
health surveillance efforts to identify areas with a high burden of 
periodontitis.15
Based on National Health and Nutrition Examination Survey 
2009‐2012 data, the model‐estimated mean prevalence of peri‐
odontitis among states was 45.1% (median 44.9%), and ranged from 
37.7% in Utah to 52.8% in New Mexico, representing an estimated 
15 percentage points disparity in prevalence among states. County 
estimates ranged from 33.7% to 68.0% (mean 46.6%, median 45.9%), 
Item number Item verbatim Response options
1. Do you think you might have gum disease? Yes/no/refused/don't know
2. Overall, how would you rate the health of 
your teeth and gums?
Excellent/very good/good/ 
fair/poor/refused/don't know
3. Have you ever had treatment for gum 
disease such as scaling and root planing, 
sometimes called “deep cleaning”?
(yes/no/refused/don't know
4. Have you ever had any teeth become loose 
on their own, without an injury?
Yes/no/refused/don't know 
5. Have you ever been told by a dental 
professional that you lost bone around 
your teeth?
Yes/no/refused/don't know
6. During the past 3 months, have you no‐
ticed a tooth that doesn't look right?
Yes/no/refused/don't know
7. Aside from brushing your teeth with a 
toothbrush, in the last 7 days, how many 
times did you use mouthwash or other 
dental rinse product that you use to treat 
dental disease or dental problems?
Number of days:_________/
refused
8. Aside from brushing your teeth with 
a toothbrush, in the last 7 days, how 
many times did you use dental floss or 




TA B L E  2   Questions for self‐report of 
periodontitis identified as promising for 
potential use in survey‐based surveillance 
in lieu of resource‐intensive clinical 
periodontal examinations11
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representing a much larger disparity of 34 percentage points in 
periodontitis prevalence among counties, a 2‐fold difference (not 
shown).15 The mean prevalence of severe periodontitis among states 
was 8.9% (median 8.8%) and ranged from 6.4% in Utah to 11.3% in 
New Mexico. Among counties, the mean prevalence was 9.2% and 
the median 8.8%, ranging from 5.2% to 17.9%. In other words, in 
the county with the greatest prevalence of severe periodontitis, that 
prevalence is more than three times greater than the prevalence in 
the county with the lowest prevalence (not shown) (Table 3).15
The geographic distribution of estimated periodontitis preva‐
lence at state, county, congressional district, and census track levels 
is presented in Figure 5.15
Overall, the greatest burden of periodontitis was observed 
among southeastern and southwestern states, concentrated in 
pockets stretching along the southeast, in the Mississippi Delta, 
along the USA‐Mexico border, and among native American reserva‐
tions. Other areas severely affected by periodontitis were southern 
Florida, Hawaii, and remote areas of western Alaska. Overall, similar 
geographic patterns were determined for severe periodontitis. The 
prevalence of severe periodontitis in each state is shown in Figure 6.
Among	older	adults	 (aged	≥65	years),	by	state	we	estimated	the	
lowest prevalence of periodontitis in Utah (62.3%) and New Hampshire 
(62.6%), and the highest in New Mexico, Hawaii, and the District of 
Columbia, each with a prevalence of >70%. Overall, periodontitis is 
highly prevalent in this older subpopulation with almost a minimum 
of two‐thirds of dentate older adults affected at any geographic level.
7  | THE DISTRIBUTION OF SE VERE 
PERIODONTITIS AND PERIODONTISTS IN 
THE USA
Multivariable geospatial analysis was used to examine the distribution 
of periodontists and adults, periodontists vis‐à‐vis estimated density 
of adults with severe periodontitis, and their ratios to adults with 
severe periodontitis,32 taking advantage of the locations identified 
through the National Provider Identifier Registry.33 Overall, ~ 60% of 
adults aged >30 years live within 5 miles of a periodontist, 73% within 
TA B L E  3   Model‐based estimates of total and severe 
periodontitis prevalence by state or district: National Health and 
Nutrition Examination Survey, 2009‐201215
State or district
Total % (95% confi-
dence interval)
Severe % (95% con-
fidence interval)
Alabama 47.39 (47.26‐47.52) 9.80 (9.75‐9.85)
Alaska 43.60 (43.32‐43.89) 8.72 (8.60‐8.83)
Arizona 47.73 (47.62‐47.84) 9.46 (9.41‐9.50)
Arkansas 47.23 (47.05‐47.41) 9.57 (9.50‐9.63)
California 47.80 (47.75‐47.84) 9.42 (9.40‐9.43)
Colorado 43.29 (43.17‐43.40) 8.26 (8.22‐8.30)
Connecticut 43.35 (43.22‐43.47) 8.18 (8.14‐8.23)
Delaware 45.86 (45.60‐46.11) 9.03 (8.93‐9.14)
District of 
Columbia
50.08 (49.79‐50.37) 11.18 (11.04‐11.33)
Florida 49.47 (49.41‐49.55) 10.00 (9.97‐10.03)
Georgia 46.41 (46.31‐46.51) 9.51 (9.47‐9.54)
Hawaii 51.10 (50.88‐51.32) 10.56 (10.45‐10.66)
Idaho 42.72 (42.44‐43.01) 7.87 (7.77‐7.97)
Illinois 44.87 (44.80‐44.94) 8.79 (8.76‐8.81)
Indiana 44.18 (44.07‐44.30) 8.58 (8.54‐8.63)
Iowa 42.10 (41.95‐42.25) 7.66 (7.61‐7.71)
Kansas 43.28 (43.13‐43.42) 8.17 (8.11‐8.22)
Kentucky 45.17 (45.03‐45.32) 8.89 (8.84‐8.94)
Louisiana 48.21 (48.08‐48.33) 10.26 (10.2‐10.31)
Maine 42.90 (42.63‐43.16) 7.90 (7.80‐7.99)
Maryland 45.25 (45.15‐45.35) 8.97 (8.93‐9.01)
Massachusetts 42.80 (42.70‐42.89) 8.01 (7.98‐8.05)
Michigan 45.13 (45.05‐45.21) 8.95 (8.91‐8.98)
Minnesota 41.66 (41.55‐41.77) 7.68 (7.64‐7.72)
Mississippi 49.22 (49.04‐49.42) 10.58 (10.5‐10.65)
Missouri 45.12 (45.00‐45.24) 8.88 (8.83‐8.93)
Montana 44.29 (43.98‐44.57) 8.41 (8.30‐8.52)
Nebraska 42.85 (42.65‐43.02) 8.00 (7.93‐8.07)
Nevada 47.84 (47.69‐47.98) 9.68 (9.63‐9.74)
New Hampshire 40.51 (40.28‐40.73) 7.27 (7.18‐7.36)
New Jersey 45.26 (45.18‐45.33) 8.82 (8.79‐8.86)
New Mexico 52.79 (52.60‐52.97) 11.32 (11.23‐11.41)
New York 46.59 (46.54‐46.65) 9.28 (9.26‐9.30)
North Carolina 46.53 (46.44‐46.62) 9.47 (9.43‐9.50)
North Dakota 42.42 (42.11‐42.76) 7.85 (7.73‐7.98)
Ohio 44.45 (44.37‐44.54) 8.70 (8.66‐8.73)
Oklahoma 46.98 (46.85‐47.12) 9.49 (9.44‐9.54)
Oregon 43.63 (43.48‐43.78) 8.12 (8.07‐8.18)
Pennsylvania 44.41 (44.34‐44.49) 8.56 (8.54‐8.59)
Rhode Island 43.63 (43.38‐43.88) 8.26 (8.17‐8.35)
South Carolina 47.78 (47.67‐47.90) 9.91 (9.86‐9.96)
South Dakota 43.55 (43.26‐43.87) 8.25 (8.15‐8.37)
(Continues)
State or district
Total % (95% confi-
dence interval)
Severe % (95% con-
fidence interval)
Tennessee 46.18 (46.07‐46.30) 9.30 (9.25‐9.35)
Texas 48.25 (48.19‐48.31) 9.86 (9.84‐9.89)
Utah 37.69 (37.51‐37.86) 6.36 (6.31‐6.41)
Vermont 41.43 (41.09‐41.77) 7.47 (7.35‐7.59)
Virginia 44.29 (44.21‐44.36) 8.65 (8.62‐8.69)
Washington 42.92 (42.81‐43.02) 8.01 (7.98‐8.05)
West Virginia 45.69 (45.46‐45.92) 8.88 (8.79‐8.97)
Wisconsin 42.71 (42.59‐42.83) 8.02 (7.98‐8.06)
Wyoming 42.85 (42.51‐43.24) 8.01 (7.89‐8.15)
TA B L E  3   (Continued)
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F I G U R E  5   Estimates of prevalence of total periodontitis among dentate adults aged 30‐79 years by (A) state, (B) congressional district, 
(C) county, and (D) census tracts: National Health and Nutrition Examination Survey, 2009‐2012. Total (any) periodontitis: severe, moderate, 
or mild periodontitis.15 Data sources: Centers for Disease Control and Prevention National Health and Nutrition Examination Survey 







Data Sources: CDC NHANES 2009-2012, Behavioral Risk
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F I G U R E  6   Estimates of prevalence of 
severe periodontitis among dentate adults 
aged 30‐79 years in US states: National 
Health and Nutrition Examination Survey, 
2009‐2012.15 Data sources: Centers for 
Disease Control and Prevention National 
Health and Nutrition Examination 
Survey (National Health and Nutrition 
Examination Survey) 2009‐2012, US 
Census 2010, Behavioral Risk Factor 
Surveillance System 2012, and American 
Community Survey 2007‐2011
Periodontitis Prevalence for Adults Aged 30-79 Years,







Data Sources: CDC NHANES 2009-2012, Behavioral Risk 
Factor Surveillance System 2012,Census 2010, ACS 2007-2011
Classification: Quintiles
(Severe)
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10 miles, 84% within 20 miles, and 97% within 50 miles. Proximity 
to a periodontist varied widely. In urban areas, 95% of adults resided 
within 10 miles of a periodontist and 99% within 20 miles. Only 25% 
of adults in rural areas lived within 10 miles of a periodontist. Most 
periodontists (96.1%) practiced in urban areas, clustering along the 
eastern and western coasts and in the Midwest, 3.1% in urban clus‐
ters elsewhere, and 0.8% in rural areas. Ratios of <8000 adults with 
periodontitis to >1 periodontist within 10 miles were mostly clustered 
in the northeast, central east coast, Florida, west coast, Arizona, and 
Midwest.
8  | CONCLUSIONS
Overall, significant progress has been made in laying the ground‐
work for future data for epidemiologic studies of periodontitis. 
Importantly, a much improved surveillance framework and data 
standards have been established that have resulted in revision of the 
burden of periodontitis in US adults. Replication of these standard 
surveillance protocols over time will allow reporting of trends in per‐
iodontitis prevalence over time. Efforts to determine true trends in 
periodontitis have been hampered by the different and inconsistent 
partial‐mouth periodontal recording survey protocols used in the 
past. The greatly improved data have allowed us to better identify 
risk indicators and determinants of periodontitis. For example, we 
were able to demonstrate that the relationship between periodon‐
titis and diabetes is limited to only severe periodontitis and uncon‐
trolled diabetes, while periodontitis was not associated with obesity.
There is much improvement in the prospects for direct surveys 
or modeling estimation of periodontitis at both state and local lev‐
els, which will open up epidemiologic studies for public health in‐
tervention of periodontitis at local levels. Since periodontitis is a 
public health problem in itself because of its effect on quality of 
life, but is also associated with other common systemic diseases and 
conditions, it is of great importance that future prevention and in‐
tervention programs and activities can now be based on nationally 
representative data.Finally, it is possible to monitor the prevalence 
of periodontitis to assess the progress in reaching the goal of reduc‐
ing the prevalence of moderate and severe periodontitis in the adult 
US population proposed by the Healthy People 2020 initiative.
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